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" ABSTRACT
~—"'Dat:a in this report is a continuation of LRSLA testing on Stage III

Dissected Motors. Problems in testing C~7 bonds were not alleviated by
changing specimen size as previously suggested.

The data variation that has been observed has prompted a closer
analysis of testing for variance.

The plotted points used on the regression plots are a combined
average of test results at a designated test period.

The data variance within test perio&s is now demonstrated with the
addition of separating the test results into individual plotted points
on the regressions for each test period.

Data variance between motors is demonstrated by the use of unique
motor plot symbols in the multi-motor regressions. These unique symbols are
data mean values and the number of samples per mean can be found with its
minimum and maximum values in the sample size summary.

Statistically, these multi-motor regressions are inappropriate for

analysis use and should be used for visual display only to show motor-to-
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SECTION I

INTRODUCTION

In 1968, OO-ALC began testing dissected motors. Changes to the Aging
and Surveillance program reduced the number of test motors to five per year.
In 1983, one additional motor was added to the program.

In 1976, humidity conditioning at 50 ts percent relative humidity for
48 hours was introduced into the program. Longer conditioning times, depen~
ding upon the thickness of the test specimen, began in 1981. At that same
time changes were also made in several test parameters (GTD-30, Rev 2,

1 April 1981).
The motor serial numbers, lot numbers, cast dates and -symbols used in

the computer plots are shown below.

Motor S/N Lot Number Cast Date Symbol
0031064 SR-56-62 62294 9
0031134 SR-65-62 ) 63328 (o
0032434 RAD-1-1-63 64021 A
0032619 RAD-1-4-64 64258 o
0032831 RAD-1-1-65 65176 +
0033174 RAD-1-10-66 67020 X
. 9
r
1 -1
’1




STATISTICAL APPROACH

Regression analysis has been selected as the method for projecting
aging trends and demonstrating data variation in the propellant. The
linear model Y = a + bX was found to have the best fit throughout the
data for this report.

A unique plot symbol is used for each motor tested. Analysis of
covariance results indicate that the combined motor regression plots are
to be used for visual display only.

Most points on the regression plots represent a data mean value at
its particular age at test. The remaining points are single valued as
shown in figures 4-11 thru 4-15, 4-21 thru 4-25, 4-31 thru 4-35, 4-41
thru 4-45, and 4-~51 thru 4~55. The single valued points have multi-
points per its particular age at test., Sample sizes per the mean values
can be found in the Sample Si;e Summary. All regressiqns are calculated
on single data values.

The data variance about each regression line was used to compute a
tolerance interval such that at 907 confidence 907 of the sample distri-
bution will fall within this interval. This tolerance interval is extrap-
olated 24 months beyond the age of the last test date.

The F value and student 't' values with their significance are recorded
at the top of each regression. The significance gives an indication of the
regression statistical significance of the trend line slope as compared to

a line of zero slope.




SECTION II

STRESS RELAXATION

Stress relaxation specimens (0.5" x 0.5" x 4") were tested in the
00~-ALC program at 3% strain and 77°F. In 1978, under the LRSLA program,
an evaluation program tested two types of specimens at 27 strain, at 77°F.
At the same time, specimens were tested at ~30°F under 300 psi. The severe
conditions could not be reproduced and testing was dropped.

Visual display for six motors and two test periods is shown in figures
2-1 thru 2-4. These combined data show a significant decrease in strain at
rupture. The trend is not obvious for the two oldest motors for stress at
rupture, but shows clearly for the RAD motors.

Individual regressions should be available for inclusion in the next

report.
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SECTION III

HARDNESS

The Shore A and Shore C hardness testing were performed on dogbone
ends.

Figure 3-1 is a visual display of the 5 motor data. Figures 3-2
thru 3-6 show Shore A hardness on individual motors. All regressions show
a significant decrease in hardness.

Shore C hardness is shown in figure 3-7 as a visual display. Figures

3-8 thru 3-12 show a significant decrease in each of the motors.
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from the test program's inception should be available for regressions.

C. A change in testing rails under pressure was made in GID-30, REV 2,
April 1981. This required rails to be tested at 200 in/min under 300 psi
pressure. These data are shown as a visual display in figures 4-61 thru
4-65. Strains show a significant increase and there appears to be a sig-

nificant decrease in modulus.




SECTION IV

TENSILE TESTING

A. Uniaxial JANNAF dogbones were tested at 77°F and 2.0 in/min. The
data are show in three sets of figures. Figures 4-1 thru 4-5 represent
the visual display of data from six motors. The next set of figures repre-
sent averages of data on the individual motors and a third set represent
individual data points for each test period.

Figures 4-1 and 4-5 show a significant decrease in maximum stress and
stress at rupture. These figures depict a visual display of six motors.

Figures 4-6 thru 4-15 represent motor S/N 0031064. The average values
show a non-significant trend in any parameter. The maximum stress shows a
significant decrease when individual specimen values are used.

Figures 4~16 thru 4-25 represent motor S/N 0031134. The strain at
maximum stress shows a significant increase (figures 4-17 and 4-22).

Figures 4~26 thru 4-35 represent motor S/N 0032434, The maximum stress
and stress at rupture show a significant decrease. The modulus for indivi-
dual points also shows a significant decrease (figure 4-35).

Figures 4~36 thru 4-45 represent motor S/N 0032831. Only strain at
rupture (figure 4-38) shows a non-significant trend. With one less time
point, the individual data plots show a significant decrease in strain at
maximum stress, stress at rupture (figures 4-42 and 4-44) and a significant
increase in modulus (figure 4-45).

Figures 4-46 thru 4-55 represent motor S/N 0033174. Only strain at

rupture and modulus shows a non-significant trend (figures 4-48 and 4-~50).

B. Biaxial rails at low rate, 0.2 in/min, are shown in figures 4-56
thru 4~-60. Strains show a significant increase. This data represents the

data from the last three test periods. In the next report, data acquired
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